The concentration changes in pore waters of dissolved calcium, magnesium, sulfate, strontium, and silica and of alkalinity are controlled by diagenetic reactions occurring within the biogenic sediments of DSDP Sites 572, 573, and 574. Downcore increases in dissolved Sr 2+ indicate recrystallization of calcite, and increases in dissolved SiO 2 reflect dissolution of amorphous silica. Minor gradients in dissolved Ca 2+ and Mg 2+ suggest little if any influence from reactions involving volcanic sediments or basalt. Differences in interstitial water profiles showing the downhole trends of these chemical species mark variations in carbonate and silica diagenesis, sediment compositions, and sedimentation rate histories among the sites.
INTRODUCTION
Recovery of complete and undisturbed sedimentary sections by the Glomar Challenger has enabled detailed investigations of the physical and chemical changes that transform unconsolidated marine sediments into lithified rocks. These transformations include the progression from calcareous ooze to chalk and limestone, and from siliceous ooze to porcelanite and chert.
Several previous studies on diagenesis of calcareous deposits from DSDP sites in the Pacific Ocean concentrated on textural evidence to examine downhole recrystallization of carbonates (e.g., Schlanger and Douglas, 1974; Matter et al., 1975; van der Lingen and Packham, 1975) . Recently, Baker et al. (1982) and used a geochemical approach to examine carbonate diagenesis from the same regions. Concentration distributions of calcium, magnesium, strontium, and variations in 87 Sr/ 86 Sr and δ 18 θ between the solid phases and interstitial waters were compared to assess the amount of diagenetic alteration. Baker et al. (1982) demonstrated that significant calcite recrystallization occurs at subbottom depths less than 200 m. They showed how Sr/Ca ratios in sediments progressively change downhole, in accordance with predicted equilibrium distributions, in response to calcite recrystallization. further substantiated these conclusions with stron- tium isotope data. Identical values of 87 Sr/ 86 Sr ratios were determined for the carbonates and interstitial waters at the same depths where Sr/Ca ratios agreed with predicted equilibrium distributions.
Leg 85 afforded an opportunity to expand our understanding of diagenetic changes within calcareous deposits ( Fig. 1) . Use of the variable length hydraulic piston corer, combined with complete coring of sections drilled to basement and closely spaced interstitial water sampling, enabled more detailed examination of earlier stages of diagenesis than was possible with rotary drilling methods. The overall objective of the leg, which was to conduct a detailed investigation of the paleoceanographic and paleoclimatic history of the region, allowed us to consider the influences that varying oceanographic and tectonic conditions have on diagenetic processes (and have had in the past). The effects of diagenetic processes on paleoceanographic reconstructions could also be examined.
The sedimentary successions cored during this leg are almost exclusively biogenic, composed predominantly of calcareous nannofossils and varying mixtures of foraminifers, radiolarians, and diatoms (Fig. 2) . The sediments accumulated nearly continuously, with only short intervals of nonaccumulation or erosion (Fig. 3) . This chapter presents data on the chemistry of interstitial waters and the Sr/Ca distributions between the carbonate sediments and interstitial waters. These data are used to interpret and identify the extent of diagenetic alteration within the sediments and to determine the important factors that control the observed distributions and trends. Results and discussions are for Sites 572, 573, and 574, the three sites drilled to basement (Figs. 2 and 3) . The time scale used is as discussed in the Introduction (this volume); sedimentation rate curves are as determined on board ship.
METHODS
Interstitial water samples were obtained at intervals between 1 and 30 m for all sites. Slightly larger intervals (50 m) were required in a few places because of concern about sampling major stratigraphic boundaries. Shipboard processing of samples and analytical techniques for the various ions are reported elsewhere (Gieskes, 1973 (Gieskes, , 1974 Gieskes et al., 1982) . All squeezing of samples on board was performed at room temperature. We usually recovered about 50 ml of fluid, except in a few cases where induration was extreme and/or drilling disturbance was severe, but at least 15 ml were always recovered.
Concentrations of calcium and strontium in carbonate samples were determined following leaching of powdered samples by an acetic acid-sodium acetate solution (pH 5). Calcium was determined by EGTA titration and strontium by flame atomic absorption. No corrections were made for salt content resulting from drying (60°C). Experience has shown that for squeezed samples, corrections for strontium and calcium are insignificant (J. Gieskes, pers. comm., 1983) The influence of ion exchange reactions for strontium concentrations, which has not been adequately studied (Gieskes, 1978) , is assumed to be small due to negligible amounts of clay minerals.
Insoluble residues of the carbonates were quantitatively determined, and the samples were analyzed by X-ray diffraction (XRD). Selected samples of the acid-leached sediment and original sediments and rocks were examined by petrographic and scanning electron microscopy (SEM) having an attached X-ray energy dispersive unit. A thorough examination of sediment texture and composition has not been completed. Data on porosities, weight percentage calcium carbonate, electrical conductivity (used to determined sediment diffusion coefficients), and microfossil abundances are from shipboard results reported elsewhere in this volume.
INTERSTITIAL WATER CHEMISTRY
Concentration versus depth profiles for Sites 572, 573, and 574 are plotted in Figures 4, 5, and 6. Table 1 contains sample location data and the concentrations determined for all species analyzed. Profiles for dissolved calcium, strontium, magnesium, silica, and sulfate and for alkalinity are presented. In general, the profiles from all sites show similar trends and similar changes in magnitude going downhole from overlying seawater. Maximum and minimum values, however, do not occur at the same depths. The slight contrasts in concentration changes and the different locations of maxima and minima reflect differences in sediment composition and in the loci of intervals undergoing enhanced diagenetic alterations.
The strontium profiles reveal steady concentration increases until near the maximum value, where an interval of roughly constant concentration occurs. Below these intervals, the values steadily decrease as basement is approached. I use these similar trends in dissolved strontium to divide each sedimentary section into three zones. Zone I corresponds to the interval where the concentrations steadily increase, Zone II to the intervals where the concentrations are approximately constant at maxima, and Zone III to the lowest sections, where concentrations steadily decrease. The depth relationships for each zone are summarized in Table 2 . The sediment sections are divided in this manner for purposes of interpreting the carbonate recrystallization histories of these sites (discussed in detail below).
The observed increases in dissolved strontium are attributed to diagenetic recrystallization of calcite. Calcareous microfossils incorporate more strontium into their skeletons than predicted from equilibrium distribution coefficients for inorganic calcite (Katz et al., 1972; Baker et al., 1982) . During recrystallization of calcite, the calcite dissolved and reprecipitated with lesser amounts of strontium, generating the observed strontium increase in pore waters (e.g., Sayles and Manheim, 1975; Gieskes, 1981) . Other possible sources for strontium increases in solution include alteration of volcanic matter in the sediments or alteration of the underlying basaltic layer . However, such sources are not present here; the amount of volcanic sediment is negligible, and the gradients in dissolved calcium and magnesium are very slight. In deepsea sections where extensive alteration of oceanic layer II is important, fivefold or greater increases in calcium and decreases in magnesium are observed (Lawrence et al., 1975; Gieskes, 1981; Gieskes and Lawrence, 1981) .
The trends in alkalinity resemble those for strontium at each site. Sulfate profiles, in contrast, display opposite trends. Increases in alkalinity probably represent production from bacterial sulfate reduction. Sulfate decreases and alkalinity increases are largest at Site 572, for which sediment accumulation rates are highest (Figs. 3 to 4) . The possible relationships between sulfate, alkalinity, and strontium profiles and sedimentation rate histories cannot be explained definitively at present. However, Sayles and Manheim (1975) and Gieskes and Johnson (1985) suggested that higher sedimentation rates cause burial of more organic matter, which in turn leads to more sulfate reduction and possibly higher rates of carbonate recrystallization. The increase in carbonate recrystallization is manifest by increases in dissolved strontium. The connection between sedimentation rate and carbonate diagenesis is discussed more fully in following sections of this chapter. The dissolved silica profiles for the three sites are similar. The values increase from near-surface lows of about 600 µM to concentrations between 800 and 1000 µM. Some of the scatter in silica concentrations over short depth ranges is caused by differences in squeezing temperatures and by the amount of siliceous components in the sediments. In some samples taken at identical depths, and which contain similar percentages of noncarbonate components, the dissolved silica concentrations were 15 to 25% higher for sediments having higher temperatures (10 to 15°C) at time of squeezing. There is agreement between the average dissolved silica concentrations and the average percentages of noncarbonate in the sediments from which the pore waters were recovered. I assume that most noncarbonate material is biogenic silica; this is supported by petrographic observations and XRD results that indicate only trace amounts of nonbiogenic components. Site 572 had the highest values: 836 µM dissolved silica and 27% noncarbonate. Site 572 was intermediate with 776 µM silica and 20% noncarbonate; Site 573 had the lowest with 723 µM silica and 16% noncarbonate. Site 572, the easternmost site, also had the highest individual dissolved silica concentration of all samples: a value of 1055 µM SiO 2 was found for a sample from 345 m sub-bottom. Small pieces (several centimeters in diameter) of laminated porcelanite were recovered below 300 m at irregular intervals at this site. At Site 574, silica concentrations between 380 and 480 m are close to the maximum values of Site 572, yet no porcelanite was recovered. This may reflect nonrecovery of samples that may have been present at Site 574. Alternatively, the absence of porcelanite may result from a higher geothermal gradient at Site 572.
Sr/Ca DISTRIBUTIONS OF CARBONATES AND INTERSTITIAL WATERS
The strontium and calcium distributions between the pore fluids and sediments are compared to determine the extent of carbonate diagenesis in these sediments. Following the approach of Baker et al. (1982) , "equilibrium" values for the Sr/Ca ratios are calculated and where Sr/Ca = molar ratio in carbonates k ST = experimentally determined distribution coefficient for strontium in low-Mg calcite Sr 2+ /Ca 2+ = molar ratio in interstitial waters
The distribution coefficient k Sr was corrected for temperature and solution composition after Baker et al. (1982) assuming a 40°C/km geothermal gradient (Sites 71 and 72, Von Herzen et al., 1971) .
There is continued disagreement on the appropriate value of fc Sr for inorganic calcite. Recent results by Mucci and Morse (1983) , extrapolated to low-Mg calcite, support early values reported by Kinsman (1969) and Holland et al. (1964) , which are an order of magnitude higher than those determined by Katz et al. (1972) and Baker et al. (1982) . The experiments conducted by the latter groups were performed at very slight calcite supersaturation values, a situation that more closely resembles diagenetic conditions occurring in deep-sea carbonate sediments. Furthermore, if the larger distribution coefficient were appropriate in these sediments, one would not expect to see strontium increases in pore waters, nor would one observe the decreases in the Sr/Ca ratios in the solids, which has been clearly documented .
The calculated Sr/Ca equilibrium ratios and the observed ratios in bulk carbonate values are plotted in Figures 7 , 8, and 9 and included in Table 3 . The curves for the Sr/Ca equilibrium values closely resemble the dissolved strontium profiles (Figs. 4, 5, 6) , reflecting the minor changes with depth in interstitial calcium concentrations. Overall, the dissolved calcium decreases slightly with depth at Site 572 but increases with depth at the other two sites. The slight changes in dissolved calcium affect the maximum Sr/Ca equilibrium values estimated for each site. For example, the maximum equilibrium value is 2.02 × 10~3 at Site 572, compared to 1.48 × 10" 3 for Site 574. In contrast, the maximum observed dissolved strontium concentrations at these two sites are 8.00 10.00 12.00 Calcium (µM) Figure 6 . Interstitial water chemistry for Site 574.
virtually identical: 397 µMSr 2+ for Site 572 and 391 µM Sr 2+ for Site 574. The reasons for the slight variations in calcium are unknown. Whatever the reasons, the interstitial calcium variations strongly influence the predicted Sr/Ca ratios and thus the interpretation of calcite recrystallization at each site.
There is little agreement between the observed Sr/Ca ratios and the calculated equilibrium values for the three sites (Figs. 7 to 9). Except for a few isolated points, the measured values are significantly higher than the predicted values. The observed values more closely approach the equilibrium ratios in the 100 to 150-m-thick zones near the predicted Sr/Ca maxima where the dissolved Sr 2+ concentrations reach approximately constant values (compare Figs. 4 to 6 with 7 to 9). These zones correspond to Zone II of Table 2 . The closest agreement between the observed and predicted equilibrium values in this zone implies that carbonate recrystallization is occurring most actively over these depth intervals. In Zone III, the larger disparity between predicted and observed ratios suggests that carbonate recrystallization is presently less active and that the Sr/Ca values in the carbonates reflect older diagenetic conditions. In sediments within the uppermost zone, the differences between predicted and observed ratios suggest that carbonate recrystallization has not been significant.
The Sr/Ca ratios measured from the bulk carbonate leaches vary over a wide range throughout the three sites. The variations may be attributed to numerous factors, the more important ones including (1) differences in calcareous microfossil compositions of the sediments (variations in the nannofossil/foraminifer ratio); (2) chemical paleoceanographic effects, such as variations in the Sr/Ca ratio or in the temperature of seawater with age, and consequently the Sr/Ca ratios incorporated during growth of skeletal calcite; and (3) the amount of recrystallized calcite and the specific physicochemical conditions under which recrystallization occurred.
Concerning the first factor, chemical analyses of individual species of foraminifers reveal Sr/Ca ratios in calcite ranging from 1.2 × 10" 3 to 1.7 × 10 ~3 (Bender et al., 1975; Lorens et al., 1977; . The bulk carbonate sediment samples are consistently higher in measured Sr/Ca ratios than individual species of foraminifers of the same age. The bulk samples invariably contain nannofossils, implying that nannofos- 1-1, [144] [145] [146] [147] [148] [149] [150] [144] [145] [146] [147] [148] [149] [150] [144] [145] [146] [147] [148] [149] [150] [144] [145] [146] [147] [148] [149] [150] [144] [145] [146] [147] [148] [149] [150] [144] [145] [146] [147] [148] [149] [150] [140] [141] [142] [143] [144] [145] [146] [147] [148] [149] [150] [140] [141] [142] [143] [144] [145] [146] [147] [148] [149] [150] [140] [141] [142] [143] [144] [145] [146] [147] [148] [149] [150] [140] [141] [142] [143] [144] [145] [146] [147] [148] [149] [150] [144] [145] [146] [147] [148] [149] [150] [144] [145] [146] [147] [148] [149] [150] [144] [145] [146] [147] [148] [149] [150] [144] [145] [146] [147] [148] [149] [150] [140] [141] [142] [143] [144] [145] [146] [147] [148] [149] [150] [144] [145] [146] [147] [148] [149] [150] Hole 574B sils have higher strontium concentrations in their skeletal calcite than foraminifers. Regarding the second factor, studies have suggested that the Sr/Ca ratio of seawater varies with age (Graham et al., 1982) . Such chemical changes could influence the strontium distribution in biogenic calcite. Graham et al. (1982) presented data on variations in Sr/Ca ratios in planktonic foraminifers extending back to the Mesozoic. They suggested that the observed changes in Sr/Ca ratios with respect to geologic age resulted from basin-to-shelf fractionation between Sr-rich aragonite and less Sr-rich calcite. They suggested that the age differences may also reflect changing calcium fluxes varying in response to different rates of seafloor spreading. Cronblad and Malmgren (1981) showed that in Quaternary sediments, the strontium concentrations of two forami- 
Sample (interval in cm)

Sub-bottom depth (m)
Age ( 
Sample (interval in cm)
Hole 573B (Cont.) 16-2, 10-12  16-2, 49-51  16-4, 140-150  17-3, 51-53  17-5, 68-70  19-2, 65-95  21-3, 140-150  24-3, 140- -1, 135-150  29-2, 56-58  31-1, 135-150  34-1, 120-122  35-1, 135 niferal species co-varied with paleoclimatic indices. They claimed that changes in the temperature of seawater accounted for the strontium variations. The third important factor, the extent and the physicochemical conditions of recrystallization during diagenesis, also contributes to variations in Sr/Ca ratios in the carbonates. Large intervals of closely spaced, interlayered chalks and oozes were observed throughout Leg 85 cores and have been reported in many deep-sea carbonate studies (e.g., Schlanger and Douglas, 1974; Garrison, 1981) . These differences imply that calcite recrystallization occurs more rapidly in some layers than in others. Suggested explanations include preburial halmyrolitic and early diagenetic influences, such as variations in sedimentation rates and the amount of dissolution of labile species at the benthic boundary layer. Postburial diagenetic processes can also vary. For example, experimental evidence (deep-sea sediments reacting at elevated temperatures) indicate that the amount of clay minerals and biogenic silica may affect the rate of calcite recrystallization (Baker et al., 1980) . I now discuss how these different factors may account for the observed trends from Leg 85 sites and compare these with results from other DSDP sites drilled in the equatorial Pacific. I also present an estimate of the amount of calcite recrystallization that has occurred at Sites 572, 573, and 574.
14-4, 140-150
VARIATIONS IN CALCAREOUS MICROFOSSIL COMPOSITION
I examined the relationship between the Sr/Ca ratios measured for the bulk carbonates and the calcareous microfossil percentages of adjacent sediments, which are taken from shipboard smear-slide results. The Sr/Ca ratios are compared with the nannofossil/foraminifer ratios. With the exception of three samples from Site 574, all samples contained more nannofossils than foraminifers. The results are summarized in Table 4 . The average Sr/Ca ratios, the mean nannofossil/foraminifer ratios, and a correlation coefficient (r) for a linear regression analysis of the data are presented. Values of these parameters are given for each of the three zones (as defined above and described in Table 2 ), which divide the sediment section according to trends in the dissolved strontium profiles. The best positive correlation coefficient for each site occurs in Zone I, which is the depth interval for which the Sr/Ca distributions between observed and predicted values suggest that calcite recrystallization has been minor. An extrapolated value for the Sr/Ca ratios, corresponding to a sample composed exclusively of nannofossils, is presented for this upper zone (Table 4 ). All three regression analyses extrapolate to a similar value, and this Sr/Ca ratio is slightly higher than any observed ratio, except for two samples. These results suggest that much of the Sr/Ca variations in carbonates from Zone I can be attributed to different proportions of calcareous micro fossils, and they support the implication that nannofossils incorporate more strontium in their skeletal structures than foraminifers. The lower values for the correlation coefficients for Zones II and III suggest that the Sr/Ca variations are controlled largely by calcite recrystallization and, to a much lesser extent, by microfossil content.
CHEMICAL OCEANOGRAPHIC FACTORS
The Sr/Ca ratios for all sediment samples from Leg 85 are plotted versus age in Figure 10 . Also plotted are data from Site 289, drilled on the Ontong-Java Plateau, reported by . Some of the large differences observed in Sr/Ca values from samples of similar ages result from variations in calcareous microfossil content. The low values at 1.4, 2.7, and 3.5 Ma for Site 574 and the overall lower ratios for Sites 575 and 289 are attributable to higher foraminifer contents. Despite these differences, there appears to be an age control on the Sr/Ca ratios, at least from early Miocene to the Recent. Older sediments are more extensively recrystallized. The most important fact to note in Figure 10 is that all curves have relatively low Sr/Ca ratios for sediments deposited during the late Miocene and near the boundary of early/middle Miocene and relatively higher Sr/Ca ratios for middle Miocene sediments. These results resemble those of Graham et al. (1982) for planktonic foraminifers. These data also help explain at least some of the variations in Sr/Ca ratios in Zone I of the three sites studied (Figs. 7 to 9; Tables 3 and 4 ). In addition, some of the observed variations in the older, more extensively recrystallized sediments in Zones II and III may reflect primary differences in the calcareous deposits-differences that were controlled by paleochemical fluctuations in seawater Sr/Ca ratios. In principle, diagenetic reactions do not necessarily obliterate paleoceanographic signals, although they undoubtedly modify them.
VARIATIONS IN CARBONATE DIAGENESIS
The Sr/Ca ratios in the carbonates from Sites 572, 573, and 574 differ in overall trend and in the extent of divergence from equilibrium ratios within the depth interval where calcite recrystallization is apparent (Zones II and III) (Figs. 7 to 9; Tables 3 and 4 ). These data indicate differences in diagenetic histories among the three sites. The average Sr/Ca ratios in carbonates from Sites 572 and 574 increase slightly with depth, whereas the ratios decrease with depth at Site 573. There is also less scatter in observed Sr/Ca values from Sites 572 and 574 as compared with Site 573, especially in Zone III. Site 573 is also unique in that a general trend of observed Sr/Ca ratios approaching equilibrium values with depth is apparent (Fig. 8) .
At Site 572, there seems to be a correlation between the carbonate Sr/Ca ratios and the carbonate accumulation rates. The high Sr/Ca ratios, which approach a constant value of 2.2 × 10~3 in the depth interval below 260 m (Fig. 7) , coincide with large carbonate mass accumulation rates, ranging from 2.4 to 5.0 g/cm 2 per thousand years as determined on board ship. More solutionsusceptible species of calcareous microfossils and more organic material are buried at times of high accumulation rates. This might enhance diagenetic reactions because the biogenic calcite might dissolve at faster rates. The higher Sr/Ca ratios in the solids at this site may thus reflect greater rates of strontium production, which in turn generates more dissolved Sr 2+ in interstitial waters. Consequently, more strontium is incorporated into the inorganically produced calcite. Carbonate accumulation rates were lower at Sites 573 and 574, and the overall Sr/Ca ratios are not as high as those at Site 572 (Figs. 7 to 9; Tables 3 and 4 ). Also, a higher temperature gradient at Site 572 may have contributed to the higher Sr/Ca values in these sediments.
The Sr/Ca ratios from intervals containing closely spaced ooze and chalk layers from Sites 573 and 574 were determined. Care was taken when sampling to ensure that the induration variations were not artifacts of drilling. The data are summarized in Table 5 . The chalks were significantly lower than the oozes in Sr/Ca concentrations in only two of the intervals studied.
The disagreement between the predicted and observed Sr/Ca distributions in Zone III at each site illustrates a problem inherent in comparing present interstitial water data with measurements from adjacent solids. The Sr/ Ca values in solids from these deeper intervals most probably reflect recrystallization at times when pore water concentrations were significantly different from those at present. The higher Sr/Ca ratios of the carbonates versus the equilibrium values in Zone III may represent recrystallization that occurred in the past when dissolved Sr 2+ concentrations were higher. The predominance of chalk in sediments from this zone indicates that carbonate diagenesis has already been significant (Fig. 2) . The decreasing, roughly linear, dissolved strontium gradient in Zone III suggests that the pore water profile repre- Figure 10 . Sr/Ca ratios of bulk carbonates versus age for DSDP sites from the equatorial Pacific. Site 289 data are from for sediments from the Ontong-Java plateau, Leg 30. sents diffusion downward toward the basement from overlying sediments in which recrystallization is occurring most actively at present and also suggests some strontium sink. Consequently, using the pore water Sr/Ca values to predict "equilibrium" values for these deeper sediments may be inappropriate because processes controlling the Sr 2+ /Ca 2+ distributions may be unrelated to previously recrystallized carbonates. It follows that the driving forces for continuous recrystallization and reequilibration with interstitial fluids in this zone are inadequate under existing diagenetic conditions. There is evidence, however, for some deeper diagenesis, particularly at Site 573, where there is an overall Sr/Ca decrease in the solids and where there is a very low value in the limestone interval (Sr/Ca = 0.95 × 10~3) at 525 m sub-bottom depth.
EXTENT OF CALCITE RECRYSTALLIZATION
To quantify the extent of recrystallization in the calcareous sediments from Leg 85, a model based largely on observed strontium pore water profiles is presented. It assumes that (1) production of strontium resulting from biogenic calcite recrystallization occurs exclusively in the depth interval of maximum Sr 2+ concentration (Zone II, Table 2 ); (2) only diffusive processes operate in Zones I and III; (3) calculated diffusive fluxes for the present have been the same in the past, since the time recrystallization initiated at each site; and (4) recrystallization did not start until a sufficiently large amount of carbonate had accumulated at each site.
Diffusive fluxes are calculated by determining diffusion coefficients and gradients from observed profiles using shipboard electrical resistivity and porosity data and appropriate temperature corrections assuming a 40°C/km geothermal gradient (Manheim, and Waterman, 1974; McDuff and Gieskes, 1976; Berner, 1980; Baker et al., 1982) . Pertinent data used for calculations, the present diffusive fluxes, the Sr 2+ production rates, and the carbonate mass accumulation rates for sediments from Zones II and III are presented in Tables 6 and 7. The onset of recrystallization at each site is assumed to have occurred at the following times: Site 572-10 Ma; Site Ma. These ages represent the time period during which the same amount of carbonate as that found in Zone I had accumulated at each site, according to past accumulation rates. These ages also represent the number of years over which the present diffusive flux is assumed to have operated, which is used to estimate the total dissolved strontium production. This reasoning follows from my assumption that calcite recrystallization is not occurring in Zone I. Approximately 130 m of sediment would have accumulated at Site 573 before recrystallization originated. This approximation is consistent with the present dissolved Sr 2+ profile in that the strontium maximum there (i.e., the depth below which recrystallization occurs) is located at 110 m sub-bottom. Similar comparisons hold for the other sites.
Recrystallization estimates based on Sr/Ca distributions are given in Table 8 , along with estimates of the amount of chalk present in Zones II and III for each site. The percent recrystallization is a comparison between the amount of Sr 2+ produced from Zones II and III since recrystallization initiated and the amount of Sr 2+ available in the carbonates from these same zones. The amount of strontium available represents the total dissolved strontium produced in the interstitial waters by carbonate recrystallization plus the amount of strontium greater than the calculated equilibrium value. This is derived from the calculated equilibrium profiles, which compare the average equilibrium and the average ob- served value within Zone II of each site. The chalk estimates represent the thicknesses of all-chalk sections plus one-third of the thicknesses of the intervals of chalk and ooze interlayering, which is an approximation determined from the visual core descriptions.
The highest strontium production rate occurs at Site 572 (Table 7) . The carbonate accumulation rate is the highest at this site as well, which supports the contention that high accumulation rates can enhance diagenesis. Overall, the Sr 2+ production rates are similar to those reported by Baker et al. (1982) for carbonate-rich DSDP sites drilled in plateau regions in the western Pacific and southern Atlantic. Production rates from 1.8 to 7.6 × 10~2 1 mol Sr 2+ /cm 3 /sec were calculated from downhole changes in Sr/Ca ratios of bulk carbonate samples according to their model. These values were recalculated to be expressed in units of moles per cubic centimeter of bulk sediment, as shown in Table 7 . These slightly higher production rates may reflect differences in solution susceptibility of calcareous micro fossil assemblages. The plateau areas, which lie higher above the lysocline than the sites drilled on Leg 85, should contain a higher proportion of delicate calcareous micro fossils. Consequently, higher reaction rates and greater strontium production may be expected there.
The percentage of recrystallization calculated from the Sr/Ca distributions shows very good agreement with the estimated percentage of chalk (Table 8) . Detailed petrographic study of the sediments from these sites, coupled with more rigorous and constrained modeling of the Sr/Ca distributions, should allow for improved estimates of calcite recrystallization. It is especially important to determine if significant recrystallization occurs at shallower burial depths than is assumed in the model proposed here. Modeling the dissolved Sr 2+ profiles will determine if the increases in Zone I are due solely to diffusion from deeper zones.
BIOGENIC SILICA DIAGENESIS
Centimeter-thick pieces of finely laminated porcelanite were recovered at Site 572. X-ray diffraction analyses indicate that the main silica phase present in these indurated sediments is opal-CT (Jones and Segnit, 1971) .
Scanning electron microscopic examination of these samples revealed that the opal-CT occurs predominantly as the massive type (Keene, 1976) .
The first sample of porcelanite was found in a core taken at 315 m corresponding to an age of 12 Ma (see Site 572 chapter). Assuming a 40°C/km geothermal gradient and a 1°C bottom-water temperature, the projected temperature at this depth is about 14°C. The low temperature and young age are at odds with most observed occurrences of opal-CT from other DSDP sites. Kastner (1981) derived two equations relating time and temperature to the opal-A to opal-CT transition by using data from 37 DSDP legs. Applying a temperature of 14°C, the corresponding age estimates are 50 and 46 Ma (±5 to ±10), respectively, for the two equations. The oldest sediment recovered at this site (which was drilled to basement) was less than 16 Ma in age. The carbonate content and sedimentation rates at this site are such that transformation of opal-A to opal-CT should be fostered. However, higher temperatures than those assumed from typical oceanic geothermal gradients would be required to occur or to have occurred in the past. Using the ages of the sediments in the interval where the porcelanites are found (12 to 15 Ma), temperature estimates of about 35 and 45 °C would be needed according to the two equations. Similar temperature estimates are indicated by data compiled from deep-sea siliceous deposits throughout the circum-Pacific area (Hein et al., 1978) .
If the higher temperatures implied from the age-temperature relationships of the opal-A to opal-CT transformation actually occurred, they would have greatly enhanced any other diagenetic reactions occurring in these sediments. This is especially important in carbonate recrystallization. The higher temperatures would help explain the high Sr/Ca ratios observed in the deeper zones of this site. For example, if a temperature of 40°C were applicable to the observed Sr/Ca distributions in pore waters, using the temperature-corrected distribution coefficients, the calculated equilibrium values would equal the observed near-constant Sr/Ca ratios of ~2.2 × 10~3 in the carbonates at Site 572 (Figure 7 , Table 3 ). Whether or not similarly higher temperatures help explain the Sr/ Ca distributions at the other sites is uncertain. However, it is clear that the possible causes of the high temperatures, and the temporal and spatial significance of the mechanisms and processes causing the higher thermal gradients, deserve further attention and investigation.
SUMMARY AND CONCLUSIONS
The interstitial water chemistry from sediments recovered during Leg 85 reflects influences from diagenetic reactions common in deep-sea biogenic deposits. Increases in dissolved strontium and silica result from calcite recrystallization and dissolution of amorphous silica, respectively. Minor decreases in sulfate concentrations and increases in alkalinity most likely indicate degradation of buried organic material. Small gradients in calcium and magnesium imply minor or no influence from alteration of volcanic matter or oceanic layer II. The chemical gradients of all species determined are of similar steepness and magnitude; the maxima and min-ima, however, occur at different depths. The differences are attributable to variations in diagenetic alterations, sediment composition, and sedimentation rate histories among the sites.
Comparisons between Sr/Ca distribution profiles of interstitial waters and bulk carbonate sediments are used to infer locations of calcite recrystallization and allow for calculations of the extent of recrystallization at each site. In the uppermost, nonrecrystallized sediments, variations in dissolved Sr 2+ in pore waters are assumed to result from diffusive processes from the underlying zones of active recrystallization. The varying Sr/Ca ratios in solids reflect differences in calcareous microfossil content, in diagenetic histories, and possibly in changes in seawater Sr/Ca with time. A model estimating the amount of carbonate recrystallization at each site is based on interpretations of dissolved strontium profiles and comparisons between predicted equilibrium and observed Sr/ Ca ratios in the solids. Accordingly, in zones having experienced recrystallization, between 30 and 53% of the carbonates have been altered diagenetically. These estimates agree with observed amounts of chalk in the same sediments. At Site 573, more recrystallization is apparent, and it has occurred at shallower depths than at other sites.
Small pieces of laminated porcelanite occur below 300 m sub-bottom at Site 572. The depth-age relationships of these samples imply significantly higher temperatures than ones inferred from typical oceanic geothermal gradients, possibly by as much as 20 to 30°C. These higher temperatures may help explain the relatively high Sr/Ca in the altered carbonates observed at this site.
